1/2 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2000-1 961 52 

(43)Date of publication of application : 14.07.2000 



(51)Int.CL H01L 33/00 



(21) Application number : 10-366803 (71 Applicant : TOSHIBA CORP 

(22) Date of filing : 24.12.1 998 (72)Inventor : OKAZAKI HARUHIKO 

NITTA KOICHI 
NOZAKI CHIHARU 



(54) SEMICONDUCTOR LIGHT EMITTING DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To markedly improve a 
semiconductor light emitting device in external quantum 
efficiency, by a method wherein a light takeout plane is 
turned rugged to be improved in light takeout efficiency 



so as to more efficiently take out light emitted from a 
light emitting part. 

SOLUTION: Projections 9 formed like semicylindridal 
lenses are provided on the surface of a P~type GaN 
layer 4. As mentioned above, in a light emitting device 
where the P-type GaN layer 4 is turned rugged, light 
obliquely incident on a light takeout plane is capable of 
passing through the light takeout plane corresponding to 
an angle which incident light makes with the rugged 




surface. Even the totally reflected light is repeatedly 

reflected, and when it is incident on the surface of the 

rugged part at a normal angle smaller than a critical 

angle, it is capable of passing through the light takeout 

plane. As a result, a semiconductor light emitting device 

can be markedly improved in efficiency to take out light 

emitted from an active layer 3, that is, in external quantum efficiency. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor light emitting device which is a semiconductor light emitting device 
equipped with the light-emitting part which consists of a nitride system semiconductor, and is 
characterized by preparing irregularity in the optical ejection side so that the ejection efficiency 
to the exterior of the light emitted from the aforementioned light-emitting part may be improved. 

[Claim 2] The aforementioned irregularity is a semiconductor light emitting device according to 
claim 1 characterized by preparing the translucency electrode in the front face of the 
aforementioned nitride system semiconductor in which it was prepared in the front face of a 
nitride system semiconductor, and the aforementioned irregularity was prepared further. 
[Claim 3] It is the semiconductor light emitting device according to claim 1 which the 
aforementioned semiconductor light emitting device is equipped with the translucency electrode 
prepared on the nitride system semiconductor which has a flat front face, and is characterized 
by preparing the aforementioned irregularity in the front face of the aforementioned translucency 
electrode. 

[Claim 4] It is the semiconductor light emitting device according to claim 1 which the 
aforementioned semiconductor light emitting device is equipped with the translucency electrode 
prepared on the nitride system semiconductor which has a flat front face, and the optical 
ejection layer which is prepared on the aforementioned translucency electrode and has a 
translucency, and is characterized by preparing the aforementioned irregularity in the front face 
of the aforementioned optical ejection layer. 

[Claim 5] The aforementioned nitride system semiconductor under the aforementioned 
translucency electrode is the semiconductor light emitting device of any one publication of the 
claim 1-4 characterized by introducing the dopant by high concentration in near the contact 
surface with the aforementioned translucency electrode layer. 

[Claim 6] The aforementioned translucency electrode is the semiconductor light emitting device 
of any one publication of the claim 1-5 characterized by having the layer which consists of a 
metal of the thickness 100nm or less which contacted the aforementioned nitride system 
semiconductor and was prepared. 

[Claim 7] The manufacture method of the semiconductor light emitting device characterized by 
to have the process which forms the nitride system semiconductor which has a light-emitting 
part, the process which deposit on the front face of the aforementioned nitride system 
semiconductor the metal layer containing the dopant which raises conductivity, the process 
which make the aforementioned nitride system semiconductor diffuse the aforementioned 
dopant, the process which remove the metal layer containing the aforementioned dopant, and the 
process which form an electrode in the front face of the aforementioned nitride system 
semiconductor. 

[Claim 8] It is the manufacture method of the semiconductor light emitting device according to 
claim 7 which equips the front face of the aforementioned nitride system semiconductor with the 
process which forms irregularity further in front of the aforementioned process which deposits 
the aforementioned metal layer, and is characterized by the aforementioned electrode having a 
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translucency to the light emitted from the aforementioned light-emitting part. 

[Claim 9] The aforementioned metal layer is the manufacture method of the semiconductor light 

emitting device according to claim 7 or 8 characterized by including the 1st layer which 

deposited on the front face of the aforementioned nitride system semiconductor, and contained 

magnesium (Mg), and the 2nd layer which consists of gold (Au) deposited on the 1st layer of the 

above. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a semiconductor light 
emitting device and its manufacture method. In more detail, nitride system semiconductor layers, 
such as GaN, InGaN, and GaAIN, are the light emitting devices by which the laminating was 
carried out, and this invention relates to a semiconductor light emitting device with remarkable 
operating voltage reduction of an element, raise in brightness, improvement in reliability, etc., and 
its manufacture method. 
[0002] 

[Description of the Prior Art] By using the nitride system semiconductor represented by the 
gallium nitride, the light emitting device of a blue and green wavelength range is being put in 
practical use from ultraviolet radiation. 

[0003] here — this application — setting — "a nitride system semiconductor" — BxInyAlzGa 
(1-x-y-z) — N (0<=x<=1, 0<=y<=1, 0<=z<=1) — the III— V group compound semiconductor 
expressed with an empirical formula — containing — further — as V group element — N — 
adding — Lynn — the mixed crystal containing (P), arsenic (As), etc. shall also be included 
[0004] By forming light emitting devices, such as light emitting diode (Light Emitting Diode) and 
semiconductor laser, using a nitride system semiconductor, luminescence of ultraviolet radiation 
with the high luminescence intensity which was difficult until now, a blue glow, green light, etc. is 
being attained. Moreover, a nitride system semiconductor has high crystal-growth temperature, 
and since it is the material stabilized also under high temperature, application of electronic 
DEBAISUHE is also expected. 

[0005] Hereafter, as an example of the semiconductor light emitting device using the nitride 
system semiconductor, Light Emitting Diode is mentioned as an example and explained. Drawing 
10 is a conceptual diagram showing the cross-section structure of the conventional nitride 
system semiconductor Light Emitting Diode. That is, the conventional Light Emitting Diode has 
the composition in which the GaN buffer layer (not shown), the n type GaN layer 102, the InGaN 
luminous layer 103, and the p type GaN layer 104 grew epitaxially one by one on silicon on 
sapphire 101. Moreover, etching removal of a part of InGaN luminous layer 103 and p type GaN 
layer 104 is carried out, and the n type GaN layer 102 is exposed. The p side transparent 
electrode 1 1 3 is formed on the p type GaN layer 1 03, and the laminating of the insulator layer 
107 for current prevention and the p side bonding electrode 106 is carried out to the part. 
Moreover, the n lateral electrode 105 is formed on the n type GaN layer 102. 
[0006] In such structure, the current poured in through the p lateral electrode 106 can be 
extended by the conductive good transparent electrode 113, from the p type GaN layer 103, 
current is injected into the n type GaN layer 102, and light is emitted, and the light penetrates a 
transparent electrode 1 1 3 and is taken out out of a chip. 
[0007] 

[Problem(s) to be Solved by the Invention] However, it had the problem that the conventional 
nitride system semiconductor light emitting device which was illustrated to drawing 10 had the 
high contact resistance of the polar zone, and that of the ejection efficiency of light was bad. 
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[0008] That is, it is difficult for the band gap of GaN to a 3.4eV and latus sake to consider ohmic 
contact as an electrode. While the contact resistance of the polar zone becomes high and the 
operating voltage of an element becomes high as the result, the problem of being large also 
produces generation of heat. 

[0009] Moreover, 2.67 and since the refractive index of GaN is large, its critical angle of 
refraction is very as small as 21.9 degrees. That is, the light which carried out incidence at the 
larger angle than this critical angle of refraction cannot be taken out besides a Light Emitting 
Diode chip, in view of the normal of an optical outgoing radiation side. Even if it forms AR (anti- 
reflection : acid resisting) film on the surface of a chip, this critical angle does not change. For 
this reason, it was difficult to improve an external quantum efficiency and to obtain bigger 
luminescence power. 

[0010] Here, this problem is improvable if the front face of the p type GaN layer which is an 
optical ejection side is processed in the shape of toothing. However, in order to form the shape 
of toothing, a certain amount of [ a p type GaN layer ] thickness is needed. And when it was 
going to form the thick p type GaN layer, doping a high-concentration impurity in order to reduce 
contact resistance with an electrode, the new problem that the field dry area on the front face 
of a crystal occurred had arisen. 

[001 1] this invention is made based on recognition of these various technical problems. That is, 
the purpose is to offer the semiconductor light emitting device which can improve the ejection 
efficiency of light dramatically, and its manufacture method while securing the ohmic contact to 
an electrode. 
[0012] 

[Means for Solving the Problem] Since the above-mentioned purpose is attained, the 
semiconductor light emitting device of this invention is a semiconductor light emitting device 
equipped with the light-emitting part which consists of a nitride system semiconductor, can be 
characterized by preparing irregularity in the optical ejection side so that the ejection efficiency 
to the exterior of the light emitted from the aforementioned light-emitting part may be improved, 
and can improve an external quantum efficiency sharply. 

[0013] Here, the aforementioned irregularity is characterized by preparing the translucency 
electrode in the front face of the aforementioned nitride system semiconductor in which it was 
prepared in the front face of a nitride system semiconductor, and the aforementioned irregularity 
was prepared further as a gestalt of desirable operation of this invention. 
[0014] Or the aforementioned semiconductor light emitting device is equipped with the 
translucency electrode prepared on the nitride system semiconductor which has a flat front face, 
and the aforementioned irregularity is characterized by being prepared in the front face of the 
aforementioned translucency electrode. 

[0015] Or the aforementioned semiconductor light emitting device is equipped with the 
translucency electrode prepared on the nitride system semiconductor which has a flat front face, 
and the optical ejection layer which is prepared on the aforementioned translucency electrode 
and has a translucency, and the aforementioned irregularity is characterized by being prepared in 
the front face of the aforementioned optical ejection layer. 

[0016] Moreover, in near the contact surface with the aforementioned translucency electrode 
layer, a dopant is introduced by high concentration and the aforementioned nitride system 
semiconductor under the aforementioned translucency electrode can reduce contact resistance 
sharply. 

[0017] Moreover, the aforementioned translucency electrode has the layer which consists of a 
metal of the thickness 100nm or less which contacted the aforementioned nitride system 
semiconductor and was prepared, can improve the bond strength of ITO deposited on it, and can 
lower contact resistance. As this metal layer, it is desirable to use nickel or Pt. 
[0018] On the other hand, the manufacture method of the semiconductor light emitting device of 
this invention The process which forms the nitride system semiconductor which has a light- 
emitting part, and the process which deposits on the front face of the aforementioned nitride 
system semiconductor the metal layer containing the dopant which raises conductivity, It can be 
characterized by having the process which makes the aforementioned nitride system 
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semiconductor diffuse the aforementioned dopant, the process which removes the metal layer 
containing the aforementioned dopant, and the process which forms an electrode in the front 
face of the aforementioned nitride system semiconductor, and the contact resistance of an 
electrode can be reduced sharply. 

[0019] Here, the front face of the aforementioned nitride system semiconductor is further 
equipped with the process which forms irregularity in front of the aforementioned process which 
deposits the aforementioned metal layer, and the aforementioned electrode can be characterized 
by having a translucency to the light emitted from the aforementioned light-emitting part, and 
can improve the ejection efficiency of light sharply. 

[0020] Moreover, if the 1st layer which deposited on the front face of the aforementioned nitride 
system semiconductor, and contained magnesium (Mg) as the aforementioned metal layer, and 
the 2nd layer which consists of gold (Au) deposited on the 1 st layer of the above shall be 
included, contact resistance can be reduced effectively. 
[0021] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained referring 
to a drawing below. Drawing 1 is a tropia conceptual diagram showing the semiconductor light 
emitting device of this invention. That is, the semiconductor light emitting device of this drawing 
has the structure where the laminating of a GaN buffer layer (not shown), the n type GaN layer 
2, the InGaN luminous layer 3, and the p type GaN layer 4 was carried out one by one on silicon 
on sapphire 1. Moreover, etching removal of the InGaN luminous layer 3 and the p type GaN 
layer 4 is carried out alternatively, and the n type GaN layer 2 is exposed. On the p type GaN 
layer 4, the insulator layer 7 for current prevention is formed in part. And the p side transparent 
electrode 13 is formed on the p type GaN layer 4 and an insulator layer 7, and the laminating of 
the bonding pad 6 by the side of p is alternatively carried out on it. Moreover, the n lateral 
electrode 5 is formed on the n type GaN layer 2. 

[0022] One of the characteristic points of this invention is in the point that irregularity-like 
processing is given to the front face of the p type GaN layer 4. That is, in the illustrated 
example, two or more cylindricaHens-like heights 9 are formed in the front face of the p type 
GaN layer 4. By processing the front face of the p type GaN layer 4 in this way, the ejection 
efficiency of the light emitted from the barrier layer 3 is improvable. 

[0023] That is, total reflection of the light which carried out incidence aslant at the larger normal 
angle than a critical angle to the ejection side among the light emitted from the barrier layer 3 as 
the ejection side of light is a flat surface like the conventional example shown in drawing 10 is 
carried out. On the other hand, in the light emitting device of this invention, it can be passed now 
also through the light which carried out incidence aslant to the optical ejection side outside 
according to an angle with the concavo-convex side which carried out incidence. Moreover, 
when the light by which total reflection was carried out also repeats reflection in a concavo- 
convex side and it carries out incidence to the front face of the concavo-convex section at a 
normal angle smaller than a critical angle in the process, it can pass outside. 
[0024] That is, in the case of a concavo-convex field, compared with the case of the optical 
ejection side of the conventional plane, the probability which carries out incidence on the normal 
square smaller than 21.9 degrees which is a critical angle increases rapidly. The efficiency which 
can take out outside the light emitted from the barrier layer 3 as the result, i.e., an external 
quantum efficiency, is sharply improvable. 

[0025] Moreover, in this operation gestalt, the height of the front face of the p type GaN layer 4 
acts also as two or more cylindrical lenses or rod lenses, therefore, the line of the barrier layer 
of the lower part of these heights — it is condensed by each cylindrical lens and the light 
emitted from the portion is emitted as two or more linear beams 

[0026] On the other hand, another focus of the semiconductor light emitting device by this 
invention is that magnesium (Mg) contains by high concentration near the front face of the p 
type GaN layer 4. That is, after heat-treating by having once deposited the metal layer 
containing magnesium on the front face of the p type GaN layer 4 in the manufacturing process 
of an element in this invention and making the surface layer of the GaN layer 4 diffuse 
magnesium so that it may explain in full detail behind, the metal layer is removed and the p side 
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transparent electrode 13 is formed. According to such a peculiar process, the carrier 
concentration near the front face of the p type GaN layer 4 is raised, and the ohmic contact to a 
transparent electrode 1 3 can be secured. As the result, the operating voltage of an element can 
be reduced and many properties can be improved. 

[0027] Furthermore, the "field dry area" of the p type GaN layer 4 is also avoidable by doping 
magnesium to the surface layer of the p type GaN layer 4 in this way at high concentration. That 
is, in this invention, in order to prepare irregularity in the front face of the p type GaN layer 4, it 
is necessary to form the GaN layer 4 somewhat thickly. However, there was a problem that a 
"field dry area" would generate the GaN layer 4 if it grows up thickly, doping p type dopant by 
high concentration, in order to secure the ohmic contact to p lateral electrode. If such a "field 
dry area" occurs, after processing irregularity like this invention, the quality of the crystal of the 
front face will not be good, and many properties will fall. 

[0028] On the other hand, according to this invention, since magnesium is introduced after 
growth, on the occasion of growth of the p type GaN layer 4, it is not necessary to make doping 
concentration so high. Therefore, it becomes possible to grow up the GaN layer 4 thickly, without 
causing a "field dry area." 

[0029] Next, the example of the manufacture method of the light emitting device of this 
invention is explained. 

[0030] Drawing 2 and drawing 3 are the outline process cross sections showing the important 
section manufacture method of the light emitting device of this invention. That is, these drawings 
are outline cross sections showing a part of cross section cut by the A-A line shown in .drawing 

i . 

[0031] First, as expressed to this drawing (a), the crystal growth of the GaN buffer layer which is 
not illustrated on silicon on sapphire 1, the n type GaN layer 2, the InGaN luminous layer 3, and 
the p type GaN layer 4 is carried out one by one. As a crystal-growth method, methods, such as 
the MOCVD (metal-organic chemical vapor deposition) method, hydride CVD, or MBE 
(molecularbeam epitaxy), can be mentioned, for example. 

[0032] Next, a resist pattern is formed as expressed to drawing 2 (b). Specifically, a resist is 
applied to the front face of the p type GaN layer 4, patterning is carried out by the PEP (photo- 
engraving process) method, and the resist pattern 30 of two or more shape of an parallel stripe 
is formed. As for the concrete size of a resist pattern, it is desirable to determine suitably 
according to the distance from a barrier layer 3 to an optical ejection side, the optical intensity 
distribution demanded in the optical system with which a light emitting device is used. 
Specifically, the width of face and the interval of a stripe of a resist pattern can be made into 
about several microns, respectively. 

[0033] Next, as expressed to drawing 2 (c), the configuration of the resist pattern 30 is 
processed. A stripe-like resist is softened and the cross section is made to specifically deform 
into semicircle-like a "boiled-fish-paste configuration" by heat-treating. 

[0034] Next, as expressed to drawing 2 (d), the configuration of the resist pattern 30 is imprinted 
in the p type GaN layer 4. Specifically, it **********s by methods, such as the upper shell RIE 
(reactiveion etching) of the resist pattern 30, and ion milling (ion milling). Then, in the resist 
pattern 30, it **********s one by one and the p type GaN layer 4 under it also **********s 
one by one further. Thus, the irregularity similar to the cross-section configuration of the resist 
pattern 30 can be formed in the front face of the p type GaN layer 4. 

[0035] Here, the relation between the cross-section configuration of the resist pattern 30 and 
the cross-section configuration of the surface irregularity of the p type GaN layer 4 after- 
processing is determined by the ratio of an etch rate. That is, to the etch rate of the resist 
pattern 30, when the etch rate of the p type GaN layer 4 is quicker, the irregularity of the p type 
GaN layer 4 is emphasized rather than a resist pattern. On the other hand, to the etch rate of 
the resist pattern 30, when the etch rate of the p type GaN layer 4 is slower, the irregularity of 
the p type GaN layer 4 is eased rather than a resist pattern. Therefore, the irregularity of the p 
type GaN layer 4 is controllable by adjusting suitably the cross-section configuration and etch 
selectivity of the resist pattern 30. 

[0036] Next, as expressed to drawing 3 (a), it heat-treats by carrying out the vacuum 
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evaporationo of the Mg (magnesium) layer 40 and the Au(gold) layer 42 to the whole front face of 
the p type GaN layer 4 which processed the shape of toothing one by one first. Here, the 
thickness of the Mg layer 40 can set thickness of 10nm and the Au layer 42 to 100nm. Moreover, 
a good result is obtained by making temperature of heat treatment into 300 degrees C or more. 
For example, it is effective to give 20-second room [ about ] flash plate annealing at 750 degrees 
C. According to this process, Mg is spread in the surface layer of the GaN layer 4, and can make 
surface carrier concentration high enough. Here, the Au(gold) layer 42 acts as the so-called 
"cap layer." That is, from forming the Au layer 42 on the Mg layer 40, the Mg layer 40 can be 
protected, it can prevent that Mg evaporates in the case of heat treatment, and diffusion of Mg 
to the GaN layer 4 can be promoted. Moreover, heat treatment performed here acts also on 
mitigating the damage given to the semiconductor layer by dry processes, such as RIE and ion 
milling, and recovering crystallinity. 

[0037] Here, you may carry out the laminating of Mg layer and the In (indium) layer instead of 
depositing the laminated structure of Mg layer and Au layer. Or you may carry out the laminating 
of Mg layer, In layer, and the Au layer. Furthermore, you may deposit the alloy layer of Au or In 
which made either contain Mg at least. If In is used, In will also be diffused near the front face of 
the GaN layer 4 with Mg, and the thin layer of InGaN will be locally formed in it. Since the band 
gap is small as compared with GaN, InGaN can carry out fitness of the ohmic contact to p lateral 
electrode further. 

[0038] Moreover, as a p type dopant, it is thought besides Mg that various kinds of II group 
elements can be used. For example, a good result may be obtained even if it uses Be (beryllium), 
Hg (mercury), Zn (zinc), Cd (cadmium), etc. Furthermore, as a p type dopant, various kinds of 
material, such as C (carbon), can be used. 

[0039] Next, as expressed to drawing 3 (b), etching removes the Mg layer 40 and the Au layer 42 
which were deposited. By this state, the front face of the p type GaN layer 4 is doped by 
concentration with expensive Mg. Thus, by removing the Mg layer 40 and the Au layer 42, 
"peeling" of the electrode formed next is cancelable. That is, according to experiment 
examination of this invention person, when Mg layer intervened between the p type GaN layer 4 
and p lateral electrode, the inclination for p lateral electrode to become easy to exfoliate was 
accepted. On the other hand, according to this invention, ablation of p lateral electrode is 
cancelable by removing the Mg layer 40. Simultaneously, by removing these metal layers, the 
transparency of an optical ejection side can be secured and luminescence intensity can also be 
improved. 

[0040] Next, as expressed to drawing 3 (c), the n lateral electrode 5 is formed. Specifically, first, 
the p type GaN layer 4 and a barrier layer 3 are **********ed partially, and the n type GaN 
layer 2 is exposed. And Si02 film 7 is deposited by heat CVD, and patterning is carried out using 
the PEP method. Furthermore, n type electrode 5 is formed by carrying out the vacuum 
evaporationo of Ti layer 5a and the Au layer 5b on the n type GaN layer 2 exposed by etching, 
carrying out patterning by the lift off, and giving 20-second room [ about ] flash plate annealing 
at 800 degrees C. 

[0041] Next, as expressed to drawing 3 (d), the p lateral electrode 13 is formed. Specifically, 
patterning of the Si02 film 7 of the front face of the p type GaN layer 4 is carried out by the 
PEP method, and it is removed partially. And on the p type GaN layer 4 by which concavo- 
convex processing was carried out, with a thickness of 5nm nickel (nickel) layer 13a is deposited 
by the vacuum deposition method as a transparent metal electrode, and ITO (indium tin oxide) 
transparent-electrode 1 3b is further formed by the spatter. In addition, you may use Pt 
(platinum) layer instead of nickel (nickel) layer 13a. Thus, if metal layer 13a, such as nickel and 
Pt, is prepared in the bottom of ITO layer 1 3b, the bond strength of an ITO layer can be 
improved and contact resistance can also be reduced further. 

[0042] Furthermore, the bonding pad 6 connected with the ITO transparent electrode 13 is 
formed by depositing gold (Au) etc. and carrying out patterning by the PEP method. 
[0043] Here, Si02 film 7 left behind to the front face of the p type GaN layer 4 prevents 
luminescence in the lower part of a bonding pad 6, and has the role which improves luminous 
efficiency. In addition, as expressed to drawing 3 (c) and (d), Si02 film 7 formed after exposing 
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the n type GaN layer 2 partially is formed also in the mesa side which the side of a luminous 
layer 3 has exposed, and is formed also in the circumference of p lateral electrode except the 
lap portions of n lateral-electrode portion, a transparent electrode, and p lateral electrode. 
[0044] Drawing 4 is a graphical representation showing the property of the semiconductor light 
emitting device obtained by doing in this way. That is, in the current-voltage characteristic and 
this drawing (b), this drawing (a) expresses current-light power characteristics, respectively. 
Moreover, in these property views, the property of the conventional semiconductor light emitting 
device expressed to drawing 10 was also shown collectively. 

[0045] If the current-voltage characteristic of drawing 4 (a) is seen, in the case of the 
conventional element, in 3 volts, the operating current is about 1 mA, and the standup of the 
current accompanying an increase for voltage is slow. On the other hand, in the case of the 
element of this invention, 5mA was obtained in 3 volts, and current has started rapidly with the 
increase in voltage. The element of this invention was able to have voltage as low as about 3.2 
volts in case current value is 3.2mA, and was able to fall operating voltage 10% or more as 
compared with the conventional element. 

[0046] Oh the other hand, when the luminescence property of drawing 4 (b) is seen, it turns out 
that the optical output has doubled the element of this invention compared with the former. For 
example, if the optical output in 20mA of operating currents is seen, with the element of this 
invention, 0.95mW is obtained to being 0.45mW with the conventional element. Thus, according to 
this invention, by preparing irregularity in an optical ejection side, the ejection efficiency of light 
improved and the optical output more than the conventional double precision was obtained. 
[0047] Moreover, the luminescence wavelength of the light emitting device of this invention was 
about 450 nanometers. Furthermore, in the element of this invention, although the morphology of 
the front face of the p type GaN layer 4 is good and grew comparatively thickly, a "field dry 
area" did not produce it. Furthermore, the bond strength of the translucency electrode layer 13 
formed in the front face of the p type GaN layer 4 is also good, and ablation did not arise. 
[0048] As explained in full detail above, according to this invention, the ohmic contact by the 
side of p was good, the ejection efficiency of light was also high, and it turns out that a 
semiconductor light emitting device also with good reliability can be offered. 
[0049] Next, the modification of this invention is explained. 

[0050] Drawing 5 is a conceptual perspective diagram showing the 1 st modification of this 
invention. In this drawing, the same sign is given to the same portion as the portion mentioned 
above about drawing 1 or drawing 3 , and detailed explanation is omitted. In this modification, the 
height 10 of the shape of the shape not of a semicircle pilaster but a semi-sphere is formed in 
the front face of the p type GaN layer 4. It is improvable even if it does in this way, the ejection 
efficiency, i.e., the external quantum efficiency, of light. 

[0051] Moreover, the shape of toothing of this example of transformation can be formed like the 
process mentioned above about drawing 2 , and an outline. That is, the height 10 of the shape of 
a semi-sphere which was expressed to drawing 5 can be formed by **********! ng, after making 
a circular pattern form and carry out heating softening of the resist on the p type GaN layer 4 
and considering as a lens configuration. 

[0052] Also in this modification, the probability which can take out outside the light emitted from 
the barrier layer 3 like what was mentioned above about drawing 1 , i.e., an external quantum 
efficiency, is sharply improvable. 

[0053] Furthermore, according to this modification, the light by which lower shell discharge of 
the heights of each semi-sphere-like lens is carried out can be condensed with each semi- 
sphere-like lens, and it can emit outside. 

[0054] Next, the 2nd modification of this invention is explained. 

[0055] Drawing 6 is a conceptual perspective diagram showing the 2nd modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion 
mentioned above about drawing 1 or drawing 3 , and detailed explanation is omitted. In this 
modification, the height 11 of the shape of two or more mesa stripe which is not spherical is 
formed in the front face of the p type GaN layer 4. It is improvable even if it does in this way, 
the ejection efficiency, i.e., the external quantum efficiency, of light. 
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[0056] Moreover, it can form like the process which also mentioned above the shape of toothing 
of this example of transformation about drawing 2 , and an outline. That is, as expressed to 
d rawin g 2 (b), the irregularity of a configuration which was expressed to drawin g 6 can be formed 
by forming a resist in the shape of a stripe on the p type GaN layer 4, and **+*******ing, 
without carrying out heating softening. 

[0057] Also in this modification, the probability which can take out outside the light emitted from 
the barrier layer 3 like what was mentioned above about drawing 1 , i.e., an external quantum 
efficiency, is sharply improvable. 

[0058] Furthermore, according to this modification, the softening process of a resist pattern 
which was mentioned above about drawing 2 (c) is unnecessary, and it also has the advantage 
that manufacture is easy. 

[0059] Next, the 3rd modification of this invention is explained. 

[0060] Drawing 7 is a conceptual perspective diagram showing the 3rd modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion 
mentioned above about drawing 1 or drawing 3 , and detailed explanation is omitted. In this 
modification, the height 1 2 of the shape of a single semi-sphere lens is formed in the front face 
of the p type GaN layer 4. It is improvable even if it does in this way, the ejection efficiency, i.e., 
the external quantum efficiency, of light. 

[0061] It can form like the process which also mentioned above the shape of toothing of this 
example of transformation about drawing 2 , and an outline. That is, when a resist is formed 
thickly and carries out heating softening by the circular pattern on the p type GaN layer 4, a lens 
configuration which was expressed to drawing 7 can be formed by fabricating and **********ing 
in the configuration of the shape of a single semi-sphere. 

[0062] Also in this modification, the probability which can take out outside the light emitted from 
the barrier layer 3 like what was mentioned above about drawing 1 , i.e., an external quantum 
efficiency, is sharply improvable. 

[0063] Furthermore, according to this modification, by having made the heights of the front face 
of the p type GaN layer 4 into the shape of a single lens, a condensing high effect is acquired 
and the joint efficiency to a fiber etc. can be improved. 
[0064] Next, the 4th modification of this invention is explained. 

[0065] Drawing 8 is a conceptual perspective diagram showing the 4th modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion 
mentioned above about drawing 1 or drawing 3 , and detailed explanation is omitted. In this 
modification, the front face of the p type GaN layer 4 is a flat surface, and the front face of the 
p side transparent electrode 1 3 deposited on it is processed in the shape of irregularity. Even if 
it does in this way, the ejection efficiency of light is improvable. 

[0066] That is, the refractive index of ITO used abundantly as a transparent electrode 13 is 
about 2.0, and is near to the refractive index 2.67 of the p type GaN layer 4. Therefore, between 
the p type GaN layer 4 and a transparent electrode 13, total reflection is hardly produced and it 
can be passed through light. And the probability which carries out incidence at a normal angle 
smaller than a critical angle in the concavo-convex field like the case where it mentions above 
about drawing 1 becomes high, and the light which carried out incidence to the transparent 
electrode 1 3 can improve the ejection efficiency of light as the result. 

[0067] Furthermore, according to this operation gestalt, since it is not necessary to process the 
front face of the p type GaN layer 4, the injury which may be produced with processing is 
cancelable. For example, in order to process the front face of the p type GaN layer 4 in the 
shape of irregularity, **** and the front face of the p type GaN layer 4 may deteriorate in too 
much plasma and charged particle, and the problem of the ohmic contact to p lateral electrode 
deteriorating may arise. On the other hand, according to this operation gestalt, since it is not 
necessary to process the front face of the p type GaN layer 4, it becomes easy to maintain 
ohmic contact. 

[0068] Moreover, in this modification, since it is not necessary to form irregularity in the front 
face of the p type GaN layer 4, it is not necessary to grow up the p type GaN layer 4 so thickly. 
[0069] The pattern of the irregularity prepared in the front face of a transparent electrode 13 is 
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not limited to what was illustrated, but a pattern which was illustrated to drawing 1 - drawing 3 
can be similarly used for it. Moreover, as for the pattern size, it is desirable to make it larger 
than the wavelength of the light emitted from a barrier layer 3. That is, in the illustrated example, 
it is desirable to make the concavo-convex width of face and the concavo-convex height of a 
stripe larger than about 500 nanometers. 

[0070] On the other hand, since transparent electrodes, such as ITO, are difficult to deposit 
thickly to about several microns, the need of forming the concavo-convex width of face and the 
concavo-convex height of a stripe in 1 micron or less may produce them. As a method of 
forming such a detailed pattern, there is the "interference exposing method", for example. This 
is the method of producing a "interference fringe" by multiplexing, dividing into the 2 flux of 
lights the laser beam which is the method used in case the diffraction grating (grating) of an 
OPTO semiconductor device is formed, and is two from which wavelength differs through a one- 
way mirror, reflecting each flux of light by the total reflection mirror which is in a position 
symmetrically, respectively, and carrying out incidence to an object. Thus, by the obtained 
interference fringe, a detailed stripe-like pattern can be formed by exposing a resist. 
[0071] As a laser beam, helium-Cd laser (wavelength : 325 nanometers) and Ar laser 
(wavelength : 351 nanometers) can be used, for example. 

[0072] Moreover, an "electron-beam-exposure method" can be mentioned as a method of 
forming such a detailed pattern. This is the method of forming a predetermined pattern by 
scanning an electron beam, using as a mask the material which has photosensitivity to an 
electron ray. 

[0073] Next, the 5th modification of this invention is explained. 

[0074] Drawing 9 is a conceptual perspective diagram showing the 5th modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion 
mentioned above about drawing 1 or drawing 3 , and detailed explanation is omitted. Also in this 
modification, the front face of the p type GaN layer 4 is a flat surface, on it, the p side 
transparent electrode 13 accumulates and the optical ejection layer 20 which has a translucency 
on it is formed further. And the front face of the optical ejection layer 20 is processed in the 
shape of irregularity. Even if it does in this way, the ejection efficiency of light is improvable. 
Moreover, since it is not necessary to form irregularity in the front face of the p type GaN layer 
4, in this modification, it is not necessary to prevent the injury accompanying processing and to 
grow up the p type GaN layer 4 so thickly. In addition, in the case of this modification, the 
translucency electrode layer 13 and the bonding electrode 6 are connected, and a flow is 
secured to it. 

[0075] It is desirable to have a translucency and to have the p type GaN layer 4 and a near 
refractive index to the light emitted from a barrier layer 3, as a material of the translucency 
electrode layer 1 3 or the optical ejection layer 20. That is, with the p type GaN layer 4, if the 
refractive index of these layers is near, it can reduce the total reflection of the light between 
layers, and it can make ejection efficiency of light high. Moreover, if what has conductivity is 
used as a material of the optical ejection layer 20, it is still better at the point which can extend 
current. 

[0076] As a material of the translucency electrode layer 13, ITO can be mentioned, for example. 
Moreover, as a material of the optical ejection layer 20, organic materials, such as a resin with 
near GaN and refractive index, and inorganic material can be used, for example. Since it can form 
thickly when using resin material, big irregularity can also be formed easily and becomes possible 
[ choosing a concavo-convex configuration and a concavo-convex size arbitrarily ]. As a resin 
material, a polycarbonate can specifically be mentioned. That is, the refractive index of a 
polycarbonate has GaN and a comparatively near refractive index about by about 1 .6. 
[0077] Moreover, a silicon nitride (SiNx) can be mentioned as a material of the optical ejection 
layer 20. That is, the refractive index of a silicon nitride is about 2.0, and can prevent that total 
reflection of the light emitted from the barrier layer 3 is carried out to the refractive index of 
GaN between layers since it is near. Moreover, In 203 (a refractive index is about 2.0), Nd202 (a 
refractive index is about 2.0), [ in addition, ] Sb203 (a refractive index is about 2.04), Zr02 (a 
refractive index is about 2.1), Even if it uses Ce02 (a refractive index is about 2.2), Ti02 (a 
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refractive index is about 2.2-2.7), ZnS (a refractive index is about 2.35), Bi 203 (a refractive 
index is about 2.45), etc., a good result can be obtained similarly. Furthermore, as a material of 
the optical ejection layer 20, you may use the metallic oxide which has conductivity. 
[0078] In the above, the gestalt of operation of this invention was explained, referring to an 
example. However, this invention is not limited to these examples. For example, the shape of 
toothing prepared in the front face of a GaN layer can consider various configurations, and even 
if it has regular or the shape of irregularity toothing, it can acquire the same operation effect. 
[0079] Moreover, this contractor can change the structure of a light emitting device suitably, and 
can carry it out similarly. That is, if needed, the laminated structure of an element and 
composition of material can be optimized, for example, a barrier layer may be made into multiplex 
quantum well type structure, or a clad layer may be prepared in the upper and lower sides of a 
barrier layer. 

[0080] Moreover, what is used as a substrate cannot be limited to sapphire, in addition can use 
similarly conductive substrates, such as insulating substrates, such as a spinel, and MgO, 
ScAIMg04, LaSrGa04, O (AITa (LaSr))3, and SiC, Si, GaAs, GaN, and can acquire each effect. 
Here, in the case of ScAIMg04 substrate, it is desirable to use a field in the case of a field 
(0001) and OCAITa (LaSr))3 substrate (111). Especially about GaN, on silicon on sapphire, it 
exfoliates from silicon on sapphire and the GaN layer which grew thickly by the hydride vapor 
growth etc. can be used as a GaN substrate, for example. 

[0081] Moreover, when a conductive substrate like GaN is used, n lateral electrode of a light 

emitting device can also be prepared in the rear-face side of a substrate. 

[0082] 

[Effect of the Invention] this invention is carried out with a gestalt which was explained above, 
and does so the effect of explaining below. 

[0083] First, according to this invention, in a semiconductor light emitting device, it is sharply 
improvable by processing the ejection side of light in the shape of irregularity, the ejection 
efficiency, i.e., the external quantum efficiency, of the light emitted from the barrier layer. 
[0084] Moreover, according to this invention, by making p type dopants, such as magnesium (Mg), 
contain near the front face of a p type GaN layer by high concentration, the ohmic contact to p 
lateral electrode can be secured, the operating voltage of an element can be reduced, generation 
of heat can be suppressed, and reliability can also be improved. 

[0085] Furthermore, according to this invention, after introducing p type dopants, such as 
magnesium, ablation of p lateral electrode is cancelable by removing the metal layer from the 
front face of a p type GaN layer. That is, degradation of the property accompanying ablation of 
an electrode can be canceled and the reliability of a light emitting device can be raised. 
Simultaneously, by removing these metal layers, the transparency of an optical ejection side can 
be secured and luminescence intensity can also be improved. 

[0086] Moreover, according to this invention, the "field dry area" of the p type GaN layer 4 is 
also avoidable by preparing metal layers, such as magnesium, and doping p type dopant to high 
concentration by diffusion. That is, in order to prepare irregularity in the front face of a p type 
GaN layer, it is necessary to form a GaN layer somewhat thickly, and p type dopant is doped by 
high concentration, and there is a problem that a "field dry area" will generate a GaN layer if it 
grows up thickly. On the other hand, according to this invention, since magnesium is introduced 
after growth, on the occasion of growth of a p type GaN layer, it is not necessary to make 
doping concentration so high. Therefore, it becomes possible to grow up the GaN layer 4 thickly, 
without causing a "field dry area." 

[0087] According to this invention, as explained in full detail above, an external quantum 
efficiency is high, operating voltage is low, and it becomes possible to offer the semiconductor 
light emitting device by which reliability has also been improved, and the merit on industry is 
great. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a conceptual perspective diagram showing the semiconductor light emitting 
device of this invention. 

[ Dr awing 2] It is an outline process cross section showing the important section manufacture 
method of the light emitting device of this invention. 

[Drawing 3] It is an outline process cross section showing the important section manufacture 
method of the light emitting device of this invention. 

[Drawing 4] It is a graphical representation showing the property of the semiconductor light 
emitting device of this invention. That is, in the current-voltage characteristic and this drawing 
(b), this drawing (a) expresses current-light power characteristics, respectively. 
[Drawing 5] It is a conceptual perspective diagram showing the 1st modification of this invention. 

[Drawing 6] It is a conceptual perspective diagram showing the 2nd modification of this invention. 

[Drawing 7] It is a conceptual perspective diagram showing the 3rd modification of this invention. 

[ Drawing 8] It is a conceptual perspective diagram showing the 4th modification of this invention. 

[Drawing 9] It is a conceptual perspective diagram showing the 5th modification of this invention. 

[Drawing 10] It is a conceptual diagram showing the cross-section structure of the conventional 
nitride system semiconductor Light Emitting Diode. 
[Description of Notations] 

1.101 Silicon on sapphire 

2.102 n type GaN layer 

3.103 InGaN luminous layer 

4.104 p type GaN layer 

5.105 n lateral electrode 

6.106 Bonding pad 

7.107 Current blocking layer 

9 Cylindrical Lens 

10 Semi-sphere Lens 

1 1 Mesa Strike Life 

1 2 Semi-sphere Lens 

13,113 The p side translucency electrode 
20 Optical Ejection Layer 
40 Magnesium Layer 
42 Gold Layer 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 
[Drawing 1] 




[Drawing 3] 
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[Drawing 5] 
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[Drawing 10] 
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[0 02 2] ^©MKl^.^Oiott, pSGa 

nb 4 ©^ffiic iaci«©»ax*% s nr t > z> gjc * 5 . 

-T&:b^. 0^L//cCTtC*jti-CB, pSGaN14©a 
HtC^'J > F y • U>XtK©Mfc©Q§R9#mES3 
nTt,i-2> 0 pMGaNB4©^B*C©cfc^fcJ)nXT-S 
C4fcj:0. ngttB3*>6»aStifc*©K0au^ 

[0 0 2 3 ] -r&fciS. ilOK^Lfct*ff}cr)j:5(c 
7fe©H!J 0 Hi LWfi i5 ¥-WV$> 2> t . rS14B3^6&(±13n 



5 

Dfl£ig|3©Si®&c AW U fcB&fc. ^SPicffi OMiciidi 

[0 024] 0 , fi^©¥ffi^©7feK0 WOHCD* 
^iib^T. [H£jE©iS£lC« t «0M*r*32 1. 9 

• j;0fe/jN3^^ft-cA*f-r^>{i^^tt-r^o ^© 

-rct©-r*ss», -r<t*>^^ai«^«i**^«K:itc 
sr&c io 

[0 0 2 5 ] ^6M0B««:iJt>rtt. piGa N 

JB4 ©&ffl©i!itR8M*18GK©f V>b'V*J)V- Is >X& 

sobos Fu>xtL.t4fffflts. {tot, cne> 

tt. -Mi-eft©*"; > FU**- • l/>X(cJ;^t»^3 
ft. fflS©i«OK-AiLrfta3ti5. 
[0 02 6 ] J:*i|£a»tta3fc3RT-©i|> 9 

pSGaNJB4©affittififcvy* 

(Mg) *ijaft^fiSt?^W3nrc>sc:<!:-c* 

tt. ^©Sffixaccfc^T. pMGaNJ14©a®«: 

Tvy*5/$A*GaN»4©*ffi»CCtt»3#fc» 

*©&MJf*IK£LT. dMWMMI 3«Bfcr 
S„ c©<fc5at*t$©^o-b^K:J:-5T. pSGaNI 

4©*BS#ifi©+i' »;r«fi*±»s-tt. swssi 3 
&©*-s **^*tt«-r*c£#-e*£. -e©*s* 
tit, *^©«W¥«ff*fi»s-a-» ^#tt*^#-rs 

[0 02 7 ]3e>(C, ^©cfc^Cv^i^A^pSiG 30 
aNA4©&ffiflR<cift«&K: K-t>mciKJ:o 
T. pMGaNil4© r®^nj ^Islja-r'SCifert 
•So -Tftfe^. ^(CisHTB, pMGaNJ14©* 
ffitCIHiI!i*SWafc8t>K:. GaNJB4**&gaW<JK 

fiWisfte****. l*»u p«j«S4©*-5 

«*W«TSA:©K:pffiF-^> h**«r>ift*r F-f 
GaNJf 4£/I<J?£fi-r£<!: r®^ftj # 

#fe£-r&£» *iwi©J:9«ciao©ttix*ji[Ufca*>. 
-e©*a©Ms©p D nM«mw-c^ < . #8tt**ffi-Fr 40 

[0028] cfttcstur. *»w«:«fen«. amik: 

vd/^i/'jASiAtiOt, pSGaNJ14©/&6{c 

l>. ffiot. rBBSnj *JB<Cta<. GaN»4* 

[0 029 ] &«C. *^©*^^©$3JS*^©*tt 

[0 03 0 ] 02Rt>*03 tt. *»«©»*3R-f-©S» 
SSiS^«rmriRB5Xg»rffi0-C*4. tUt>%. Cft so 
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6©0tt. 0 1 (C^L//cA - AjrcflJKUfcWffl©— MS 

[oo3i] t-r. mm (a) icmutck^ic^ t7r 

-fTS1gl©±fC. a*L^GaNMv77l. 
Ga N® 2 , InGaNft3613. p§2GaNB4£JH 
^ttfilSST*. ttftlifeRffii «*.«. MOC 

VD (metal -organic chemical vapor deposition) 
ffi, 'W F^-i KCVDS, &&<,>«MBE (molecula 
rbeam epitaxy) &£*©#£fcS5tf £C 
[0 03 2] ^tC. 02 (b) {caL/fc«fc^tC % 
r^-^TfW*,, fttttfHCtt. pSGaNI4© 
3tB(C b^h fc^JfJ U . PEP ( photo-engravi ng p r 
ocess) miC^'O^^-^.y^LX. ttR©¥fT&Xr 
^Av'WDXsl/T. r^£->3 0*^JSS^"2>. U^h 
>**->©JM*flMr*fttt. ffitt)B3*>6*K»)fflUffi 
±T?©HIK». *^**#«!fli3ft*#£»«:fet,»"C* 

*tA». us?* !•<»<*->©* h 

9 -r ^©«aDnBK**ti*WR s t> p >ss£ -r s c 

[003 3] WC, 02 (c) fcSlU/cfcOtC. Ui?X 

r^»r®36^R«© r*»*«ejBttj «c^3«*. 

[0 0 3 4] &tC. 0 2 (d) (Cgll/fccfc^C. Ui?X 
hA£->3 OOJf^pSG a NJS 4 KlEffJ- * 
ftfltyctt, l/yx(-/^->3 0©±^6RlE (reac 
tiveion etching) •? 5 -<^">5 (ion milling) ^ 

©#&«:<£ 9 x*?>^-r£„ -T-Si. U^XF;^- 
>3 0;!)!Mx^>^^ 3 6(C, -€-©T©p§SG 
aNI4fel|^i'^>^n^ C©J:^CCL/r> p 
SGaN14 ©*Stc l/i/^hAiJ->3 0 ©KTOK 

[003 5] CCT, l/^hA*->3O0lilftt 
i. ttIX^©pMGaN)14©«ffiiyi£Ii©»r®Jf^<i:© 

x ^^>^)ia©j:b^icj:t.r^$n-5o f 

fcto^. US>X hy^3?->3 0(Dx.-j9->?mBLlCftl, 
-C. pMGaN@4©x ^^> : yiig(D^*i3il,^-^(C 
pMGaN®4©taQB > U^X h>»^-> «fc ») 4> 
U^X h;^->30Ox.^>y 
mmt,CttL-C. pMGaN®4©ii.5 : ->yjSK©^ 
jgt^^-CCtt^ pMGaNJ14©Hi£i«, Ui>X \-^% 

bmmztiz. stot, ps?GaNH4©iaini 

tb <!: £® giaas T -5 C t CC J: •) *IJ©T 6 C t # S „ 
[0 03 6 ] ^(c. 03(a) (C*GfcJ:^{c. $-T. 

IH3di^**nX 0/c p MG a NB 4 ©^ffi^^CM g 
(?n^A)I40iAu (^) JS4 2=5rlll^# 

U ^Mffi^SS-To CCT. Mgi4 0©llttm« 
lOnm, Auf4 2©lfttm»l00nmt1-5 



■t zcticjzVBmteteMktim 6ns„ wz.it. 750 
•c-c 2 0 mms&> 7 5vis*.T~-)i>zM-rct *m 

IfifJTSS. COISUCfc?). Mg#*Ga N140S1 
t*if*S„ CCt, Au (£) 14 2lt ^t>(9>-5 

U ^S©^CMg*5^-rSCi*E5±L/T. Ga 
CC-cn imtkMl*. R I E-W*> • 5 U>^i'© 

[003 7] CC-C, MerJB&Au«©aMfltiK&Jitflt 

-r-sttfrfnc. Mgti i n u>^sa) mzmmu 

Xi>$k{<\ SfcW, MglilnliAulitll/t 
fell,»„ $6iC> Au$fcttln©^<itl>fn^ 
CCMg£j§rW3tt/c^#Jl£««UT4>J|t,> 0 I n£ffl 
GaNJ14(D^®^atC > MgiifetC I nfc 
J£»L, WBfWKI nGaN©»JB*JJgRS3ti*. In 20 
GaNB, G aNtm$Lm> F=F + » 
est), pffliJS@£©*-s d^M£$?>R:&i?-r-Sc<fc 

[0038] J/c, pSOKwOhibtti, Mg© 

ft*. W*«. Be (ty . Hg (*&t) . Z 

n (ffilS) . Cd (#FS?A) «c >T*>S*f ft 
M*rt5f#6ft£^<jBtt#&£„ 3 pSFwOF 
tl/ttt, C (eJ3£) fti'©#«OW4^l^Ci*i 

r#s„ 30 
C0 0 3 9] 03 (b) (citLfcJ:5K:, 
fcMgl4 0iAui4 24i";f>y«:J;Diit 
5„ CCDtt^-C, p§s[GaNJ!4CDatEW. Mg*i|l> 
K-f>y?tiTl^„ C©cfc i 5(CMgI14 0 t 
A u»4 2 *BftST4 C©f£K3)&-r-5^ 

&© r«#snj £8?*g-rsc<!:#-c#s 0 tt£t>^>. * 

»W#®SaWftW«: cfc fttf . piGaN14ip fflWfi 

tcDWicMgji^sE-rsi, pmi»iiiti/^t< 

<fcft«. Mgll40^^*-r-5CitCj;0. p ANSIS© 40 

MMZMffi-rzctv-czz. P^c, Cft6©:£JSJl 

[0 04 0] ^OC, 03 (c) (C^L-fc<fc 0(C, nfflM 

ss^jf^-rs,, jy*a«j&a*. s-r. pSg a nji4 t 

r§tt@3?:gP^e { )(CJ.-7^>^L'T. nlGaN124 
SI±I3H±S. -ei/T. mCVD-mcJ:K) S i 0,!gi7£ 

x ^^>^{cJ;D^a$#fcnMGaNJ12©±(cT i 
15 a£AuH5 h^WMV, V 7 V *7 - 50 
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->^L/T. 8 o o'cr2 o#ra*as©-7^ 7i/a7- 

[0 04 1]*^ S3 (d) fcSi0fe<fc5K:. pfflllS 
«S1 3ZBm-Z>o ftttWKtt* pIGa N14©Sffl 
©S i 0,M7£PE Pffi(Cj;f3>'^-->^L.-rg|J^ 

e<w:i&*-rs. -€-L/T> Dna»nxsn/cpMGaNg4 

m©N i (ij**) Ml 3 a^iiSO. ?6(C. 
•vt/mck*) 1 TO (indium tin oxide) M^MM^l 3 
b%Jtm?Z> 0 Ni H 1 3 a©ttft 

05C V Pt (6&) »£ffl<,>T C©«fc5«C. I 

TOil 3 b©TtCN i-PPt&t'V&mmi 3a4t 
W4i I TOJB©*mBB£*8c#U S6«c&ttigft6 

[0 04 2] 5 & (Au) Kt'&MffiUPEPm 

U3i tltctfyr • rty F 6 

[0043] CC-C, plGaN14©gItC^nfc 
SiO,JS7». >^ • F6©TgBr©^ 

n^GaNJ12?rg|5^W{cSW3ttfc^(Cff^L/cS i 
0,«7tt. 03 (c) (d) KSIL/Ccfc^c. 16 

3 oMjGtfftfH u r c » * ^ -y-flBffi k <& ^ 3 nt 

0. nflWSffig|J»iSIWS®ipflliMe©*Aj:»3 
[0 04 4]i4tt, C©<fc-5^UT|#6n/c^«<*^ 

Bi L o«ftt*iti'77iTi 1 5. -r^t>%, 1510 

(a) »Sifc-*E1$1*t 1510 (b) tt**-*/'C«7- 

Stt5r^n-enat„ sfc. cne>©#i40fc*ic^-c 

W. 01 0iC^L/tfi£3fc©¥&#^3ft^©^&#tf 

[0 04 5 ] 04 (a) ©^-mH^H4*^Si, ft 
*©jtf?-©Jft£K:tt. 3 h lOs^xilbftWmizm 1 

«. 3ii<> Kc*jc>.r5 s i ;r>^7*5fie>h > mE© 
m+it. mvs.m&3. 2 5 ';t>^t©b$©«e*^ 

3. 2^h£fi< > fi6*©3R^itk«UT«M^«E4 

1 0%«±fiT-r^Ci*5-C#fc. 

[0046] — ^ 04(b) ©ISE#tt4*5i. * 

3W^3&>S. ttf^Si£2 0 5 UT>^TfC*jWS 

^tH^^^Si. ft*©S^F-C«0. 45 5';c^t 
&S©iC>FtLr. *Hi©f-f-CU0 . 9 5 5 ') 7 -y Y 

m L/ffiKDaifi^s:^ s c t o r^©B? 0 ttiummv 

[0047] * A:. *mi<omm*(D¥zmsi&\z. m 
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l»T«. pMGaNJ14©aiffi©- : e7*PS^i&i?T& 

[0048 ] «±»^tfcck^{C> *^(cj:n«. p 
CM©*- 3 * ^SMtfJUff-C. ^(DBXi3 ffib^feiS 

< . imm.i>Bk&K¥m#¥mm*zmm?zc t&x 

S^CiW-^/c. 10 
[ 0 0 4 9 ] iXK. *%W©^^(CO^TUiWr-S. 

c o o 5 o ] m 5 «. #&?g©if! i <Dmwzm?m± 
mmx&z. mmicisn-az. mms.m3t,cmbx 
m&Ltc$ifttm— ©6B#«ct*. m— v>nn*ttisxn 

Mt£%m\Z4&&? *. *2mWlc*s^X\t. pIGa N 
14©gl«: > *nttJBtt"Ctt< v ¥S&K©OK»l 0 

ccDi^tcurfe. ^©gxomi/^i 

[oo5U $/c« ^3Ha«©iaei^tttt. m2icmu 
xmmutc^a^ztmwmmtcux&m-zctifix 20 

-r&fc>*b. pMGaN®4<D±{Clx^X h£Rfl2 
|g&C x v * > ^ -T £ C <?: (c J: K> 0 5 JC % L, «fc 5 £c 

ttoattac i o zmm-rz cim 
[o 05 2 ] #^wc*$i,>-c*k s i icHurHfr^u 

[0 05 3 ] 3 #£*W«:J:ft«. 

£f^u>x©a^©T*>6SfcU3ft&#£^ft^ft©¥ 30 
mt u>xkj: <om%is~c9\-mcim?z> c <t#-c& 
•5. 

[0054] ^{c. *?m<D%i2<Dmmic^xwm 

[ 0 0 5 5 ] 0 6 «. &ftw<Dm2<ommzm-?mi& 
m%m-c$>z„ mmicts^xb. mmmm3t,cmbx 
m&otc&fttm-vnifricte. fsi-cDFmzttvxm 

i4oai(c, ^r^<, «&©yifx h^-r^tt© 
CitfcSlH i&Bf&2tix^2> 0 ccDJ^Ki/rfc. ;&© 40 

[0 05 6 ] S/c. #^320d©PII£i^i#fc. 132 lefflL 

xm&Ltc^a-kx twmm&ic LxBi&-r2>t t&x 

tt£t>%. 12 (b) (C^L/cfc^K^ pIGa 

<k 3 -e-r tc x ? > y-r * c <t tc £ 13 0 6 tern, u tc j: 5 

ttBVXDWaZBf&T Z> C ±&XZ 

[0 05 7 ] ^^Wcfc^r*.. miicMLxm&i, 
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[0 05 8] 3 6&C. #KJBW«:J:IH;f. 02 (c) (C 

mvxmmuc&^tzvisz. h^- *->©$*{ bin*** 
[0059] &tc. *^©^3 om&mtc?i,>xnw 
[ 0 0 6 0 ] 0 7 B. ^^©ift 3 <Dmm*m?wv& 

mmx$>Z> 0 [iWCfc^Tfc. H171SH3K:HILT 
it^Lfcgp^ilpJ-©^^;^ [3J-©flP-st£tt^Tf¥ 
*fflfel^BJtt#B§-r€.o *gOBWc*H,>-Ctt. pSGaN 

m 4 ©siic . u > x«©a«gu 1 2 jwbjs 

fe-fe. ftmmT-®}m*&»?z>cttfx&z>. 

[0 06 1 ] *%SlM<DW£iBVtt>. H2tcRIOr«rjfi 
U/c 7"n * <h £PS|5UiJC LXBtftt 5Ci*s-C*5. 
T&fc>%, paGaNI4O±{CUyxh4R0OA , $ 

[0 0 6 2 ] *:^f^(cfcci-cfe, 0 lccwurir^L/ 
/cfc©ii5«{c. rgtta3^e>*W3n^^gp(cm 

[0 0 6 3] 3e.CC, *^{?!ltcj;n«. pSGaNi 
4CD«H©OSP^#— ©U>X«iL/fcdiJc<fcO, IK 

[0 0 6 4] ^(c, *§m<Dm4(Dmmic'2\,>x®.w 

!Hft8ill!f*«W"r*. ^BffllCteHXte. pIGa N 

@4©*ffi«¥ffi-c*f) > *©±{c«a»snytpflHaw 
mmi 3©affi^taowc»ni3n-ct,^ 0 c©j:^(c 
uTt, 7^©iRf9aio^^#-rsc<t*i-ctSo 
[0066] mwmmi 3 tox&mztiz 

[TO©IJf¥«, ^J2. 0f*f), P aGaN14© 
S#f^2. 6 7t,cMLX^l\ Se-^T. p^GaNJ14 
tSHjmS 1 3 £©K-t?W. ^JSW«%£**r-5. C i*< 

i3tcAi*Lfc^«. miK.MisXffimistcm'&tmm 
{c-e©pjieiE{c*jt>r^ft«t 9 ^/hsi^^ftg-cA 

[0 0 6 7 ] 3 6tc. «UB^«l«c^n«. pIG a N 

D^sa^^-r^ci^-ctr-s. ma. pig a 
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WWStf-KWr 4 . pSGaN14(D»^Sl, 

-r*c4&£>.s„ cftccSffi/c. #£jte&««:j:fttf. 

pSGaNJ14©*n*flniTS.iW#««Cl»©'r. 
[0 0 6 8 ] 439IHfflC*s<>>'C|2, pSG a NH 

B4 < OAT Si&IBtf&k*. 

[0 0 6 9 ] jggjsg i 3 ©aaictawsiaa©'-: * - 
>». H^i/fcfcoccwiRjesft-r. si~S3(c^ io 

lfct*Cfcl>tlJ, Gfldi©^ h^:/©itl-^ig<*£5 0 

o ^ y ^ - ^eSct o < -r & c 4 u t>. 
[0070] — tj-c. i to& £<DMwmmz. ts? 
p>ss*-ew<iia-r5ci^Hii-cA^©-c, ma 

-en-en©*m^>pf^{c{4g(c&€>^js«5 7- 
r^FWttJ **D3tt**ffiT?*4. c©«fc$«:t/t» 

[0 0 7 1 ] U-fJCiLttt, m». He-CdU 

(8ft:3 25t^-ji) iArU-f (jfift: 30 
35 »lCiOTI5. 
[0 0 7 2 ] C © J: 5 ttfiMffl^ £ - > £ 

[0 0 7 3 ] #?^©»5©g8BWcoi,>TBMI! 

[ o o 7 4 ] 0 9 b:. xmwon 5 <Dmzffl*m-?w& 

^IH-C&S. laJHteteo-ck, 0 1 ftMS3K:ML,T 40 
WiEl/?ta5»4l5l— ©«$»«:». |Hj-©lS-*f£tf UTi* 
*KcBMl««Wr*. *9!JBWc*H,»T«>» PlGaN 
14©gi«wc* l 3. -e©±«c«. pffliJjSBj^si 
3A5ii3h, S6tc*©±(cjg3fctt*WrS^I5l«3Hi 

LJB2o*»w6nti>*. fit. ^axoaLJi2o 

©#IB#l3GtR«Cflni3ft'CVa. C©«fc^(CLT€>> 

JBWC*Jt»Tl>. plGa N«4©^ffl{C[U|a ; S:^T 
*sM»Jftl,>©r. AlXKff^iMreiftff. pSGaN 
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©UteKtt. j§3fctt^«SJI 1 3t*>f< >fH©6 4 
[0 07 5 3 MSUffil 1 3*>£K9tUUI2 0©tt 

**M*0(,>. o*!J. Cft<5©B©J3*T*#pSGaN 

«2 0©tm4i/c. *«tt*w-r**>©*ffli>n«. 
[0 0 7 6 ] a^smffii 1 3 ©ttt* 4 UTtt. w*. 

2 0©*mil/Ttt. GaN4JB*T^fi(,^ 

Hi%4'©w«w^. HMtmsffl^scims. 

©T, *0fc[BO4>gM{C0j&-r5C4#-e#, HQ© 

[0 0 7 7 ] ^K0atJ12 0©^4br». 

ttfbS/Ua> (SiN x ) 5¥lf5Cim5. TTfr 
Sft~>U 3>©®Sr^«, ift2. Of*f3. Ga 
N©JB«f*4iac»fc«>K:. rS14J13^6l5Stffi3n/c7fc*s 

»ibi«:*jc»t±ss* s c 4 *Krjh-r* c 

s/c -e©ffetcfe, in,o 3 (jasretsft 

2. 0) . Nd,0, (®Jr^«^2. OK Sb.O 

3 (JBJr^«#j2. 04) . Zr0 2 (JB*r*»iW2. 

1 ) . CeO, mVrmt<Zfo2. 2) . TiO, (JB9r$ 
l*tt2. 2-2. 7) , ZnS (®*T^«i^2. 3 
5) . Bi.O, (B*f*Btt2. 45) <eif%ffll>'C*> 

[0 07 8 ] J£U:. j|ft«*#JI8Uo-3*|6q|©g|tt© 
ftWtcHSESnatW-rttJ&O. GaNlOR 
**C»«^«WiJWftlHi£WlJttT*orfcl5l«©fP^ai* 

[0 0 7 9 ] »*3R-?©«JS». ^m#«siflcsie 

iter. *^©fWi«jfr*>tm©»ss**ja^fc-r4c4 

0. iSt4JB©±T«c*9» KJB*»Wfe0l/Ttai>. 
[0 08 0] *jft. HR4l/"Cffil>5tOBt7r-/7 

O. ScAlMgO,, LaSrGaO,, (LaSr) 
(A 1 T a ) 0,fc4-©*ft*&14S«-*\ S i C, Si, 
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GaAs, GaNU£v>m'mfem&i>mWi< l cm^-czti 

^ft©$&S£f#SC<h#-C#S. CCt. ScAlMg 
0<««©*§^&Ctt. (000 1) 1, (LaSr) 
( A 1 T a ) 0,»SCDi«^«:« (111) ffl£m>S 

77-f T*«©±tc/> AY^A Yimim&tiEK. <fc •) 
JS< J&fibfcG a NMt7 r -T TStR*»6>M«ll/"C G 

[0 08 1 ] ^fc, GaN©«fc5fc3JWftt©»«*fl..» 
fc»**Ctt. &:3^^©nfflfl«ffi&Sffi©*M!HK:i9:W 
sc£4>-etrs. 

[0082] 

[0083] St. *moc£ti& ^mfrmtm+ic 

fc^r. ^©iixoauffi&iHiflttKjjni-rsciKcfc 

[0 08 4] *$fig.{C<fcft«. pIGaNl©g 

ffittia(C-7i/*i^A (Ms) iSi'CpSF-^^ 

[0 0 8 5 ] <*6(C. #»9J«:J:*iHt. 
£'<D pSP-/0 h £i»A bfcf£K:^©;&Jii)i£ piG 
aNII©Slffl#>6l&£-rSC£{cJ:-3-C. pffliM®©IHJ 
8S£S??8-r 5cim5. o g 9 , *ffi©i!IKtc# 5 
#14©&{b£8??8U £M^©ftiBt14£ffl±i*-lfSC 

[0 0 8 6 ] £tc> *WP.{cJ:*itf. vi/*i^A&£' 
©^Jin^r^wr p m h *S^C J; OiSfrfigtC 

F-f>mciiCj:- 3 t 1 p^GaNJ14CD 
tij ^Hig-rSCik-C^So -r&fofc. pMGaNB 
©^SiCMfl^SWS/c*K«. GaNHSr&Sffgi? 
< JBfiWSsfcSai* ^ Pi F-'O h *HSl»«fi-C F 
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